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(54) METHOD OF PRODUCING ORGANIC EL ELEMENTS, ORGANIC EL ELEMENTS AND 
ORGANIC EL DISPLAY DEVICE 



(57) A method of manufacturing an organic EL ele- 
ment according to the present invention comprises the 
steps of forming pixel electrodes (801), (802), (803) on 
a transparent substrate (804) and forming on the pixel 
electrodes by patterning luminescent layers (806), 
(807), (808) made of an organic compound by means of 
an ink-jet method. According to this method, it is possi- 
ble to carry out a high precise patterning easily and in a 
short time, thereby enabling to carry out optimization for 
a film design and luminescent characteristic easily as 
well as making it easy to adjust a luminous efficiency. 
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Description 

FIELD OF THE INVENTION 

s The present invention relates to a method of manufacturing an organic electroluminescent (EL) element, an organic 
EL element, and an organic EL display device. 

BACKGROUND AFIT 

10 An organic EL element is an element which has a configuration in which a thin film containing a fluorescent organic 
compound is held between a cathode and an anode. In the organic EL element, electrons and holes are injected from 
the respective electrodes into the thin film to generate exdtons through the recombimation of the electrons and holes. 
The organic EL element produces luminescence by utilizing emission of light (fluorescence or phosphorescence) at the 
deactivation of the excitons. 

75 The features of the organic EL element is that it is possible to obtain a high intensity surface luminescence on the 
order of 100 to 1 00,000 cd/m^ at a low voltage of less than 10V. and that it is possible to produce luminescence of from 
blue to red by the selection of the kind of fluorescent material. 

The organic EL element is drawing attraction as a device for realizing a large area full color display element at a 
low cost (see. Technical Reports of the Society of Electronic Information and Communications, Vol. 89, No. 106, 1989, 
20 p. 49). According to the report, bright luminescence of blue, green and red were obtained by forming a luminescent 
layer using an organic luminescent material which emits strong fluorescence. This fact is considered to mean that it is 
possible to realize a high brightness full color display by using an organic coloring matter which emits strong fluores- 
cence in a thin film state and has less pin hole defects. 

In addition, in Japanese Laid-Open Publication No. Hei 5-78655. there is proposed to use an organic luminescent 
25 layer containing a luminescent material which is formed of a mixture of an organic charging material and an organic 
luminescent material, thereby obtaining a high brightness full color element by preventing guenching due to higher con- 
centration as well as expanding the latitude in the selection of the luminescent material. 

Further, in Appl. Phys. Lett. Vol. 64. 1994. p. 815. it is reported that a white luminescence was obtained by using 
polyvinyl carbazole (PVK)as a luminescent material and doping it with coloring matters corresponding to three primary 
30 colors R, G and B. However, in neither of the above references, the configuration or the method of manufacture of an 
actual full color display panel is not shown. 

In the organic thin film EL elements using the organic luminescent materials described above , in order to realize a 
full color display device, it is necessary to arrange organic luminescent layers which emit any one of the three primary 
colors for the respective pixels. However, there is a problem in that a polymer or precursor that forms the organic lumi- 
35 nescent layer lacks a sufficient resistance to a patterning process such as photolithography, so that it is very difficult to 
carry out patterning with highly precision. 

Further, when several organic layers are to be formed by a vacuum deposition method, it takes a long time. There- 
fore, such a method cannot be said to be an efficient method of manufacturing the element. 

40 SUMMAY OF THE INVENTION 

It is an object of the present invention to provide a method of manufacturing an organic EL element which makes It 
possible to carry out patterning easily and precisely, can attain optimization of a film design in a simple manner, and has 
excellent luminescence characteristics, as well as to provide an organic EL element and an organic EL display device. 
45 In order to achieve the above object, the manufacturing method of an organic EL element according to the present 
invention comprises the steps of forming pixel electrodes on a transparent substrate, forming on the pixel electrodes by 
patterning at least one luminescent layer having a certain color and made of an organic compound, and forming a coun- 
ter electrode opposing the pixel electrodes, wherein the formation of the luminescent layers is performed by means of 
an ink-jet method. 

50 In the present invention, it is preferable that the organic compound is a polymer organic compound. In this case, it 
is preferable that the polymer organic compound is a hole injection and transfer type material. Preferably, such a poly- 
mer organic compound is a polyparaphenylene vinyl ene or its derivative or a copolymer which contains at least either 
one of these compounds. 

In this connection, when an organic luminescent material itself is not a hole injection and transfer type material, as 
55 is the case in the above-mentioned polymer organic compound, it is possible to add a hole injection and transfer type 
material to the luminescent layer in addition to the luminescent material. 

Further, it is also preferred that the at least one luminescent layer comprises three layers having different colors, in 
which the at least two colors out of the luminescent layers of three colors are patterned by means of an ink-jet method. 
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The three colors are red, green and blue, and it is preferable that the red luminescent layer and the green luminescent 
layer are patterned by means of an ink-jet method. In this case, it is more preferable that the blue luminescent layer is 
formed by a vacuum deposition method. Further, it is preferable that the blue luminescent layer is made of an electron 
injection and transfer type material, such as an aluminum quinolinol complex. 
5 In the manufacturing method for the organic EL element according to the present invention, it is preferable that at 

least one luminescent layer is laminated with a hole injection and transfer layer, and it is also preferable that a protective 
film is formed on the counter electrode. 

In the manufacturing method for the organic EL element of the present invention, it is preferable that the transparent 
substrate is provided with thin film transistors for driving respective pixels. 
10 Further, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 

Furthermore, the organic EL element of the present inverrtion is provided with a transparent substrate, pixel elec- 
trodes formed on the transparent substrate, at least one luminescent layers having a certain color and made of an 
organic compound, the luminescent layer being patterned on the pixel electrodes by an ink-jet method, and a counter 
electrode formed on the luminescent layer. 
15 It is preferable that the organic compound is a polymer organic compound, and it is more preferable that the poly- 
mer organic compound is a hole injection and transfer type material. 

Moreover, it is preferable that the polymer organic compound is a polyparaphenylene vinylene or its derivative or a 
copolymer containing at least one of them. 

It is preferred that the at least luminescent layer includes three layers having different three colors, and it is prefer- 
20 able that two layers thereof in the luminescent layers of three colors are patterned by an ink-jet method. The three colors 
are red, green and blue, and it is more preferable that the red luminescent layer and the green luminescent layer are 
separately patterned by an ink-jet method. In this case, it is more preferable that the blue luminescent layer is formed 
by a vacuum deposition method. 

It is preferable that the blue luminescent layer is made of an electron injection and transfer material. As for such a 
25 blue luminescent layer, a layer containing an aluminum quinolynol complex can be mentioned. 

Moreover, it is preferable that at least one luminescent layer is laminated with a hole injection and transfer type 
layer, and it is more preferable that a protective film is formed on the cathode. 

Furthermore, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 

Moreover, the organic EL display device according to the present invention is characterized in that it includes the 
30 organic EL element described in the above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view which shows a first embodiment of a manufacturing method for an organic EL element 
35 according to the present invention. 

Fig. 2 is a sectional view which shows a second embodiment of a manufacturing method for an organic EL element 
according to the preset invention. 

Fig. 3 is a sectional view which shows a third embodiment of a manufacturing method for an organic EL element 
according to the present invention. 
40 Fig. 4 is a sectional view which shows a fourth embodiment of a manufacturing method for an organic EL element 
according to the present invention. 

Fig. 5 is a sectional view which shows a fifth embodiment of a manufacturing method far an organic EL element 
according to the preset invention. 

Fig. 6 is a sectional view which shows an example of the organic EL element according to the present invention. 
45 Fig. 7 is a sectional view which shows an example of an organic EL display device using the organic EL element 
according to the present invention. 

Fig. 8 is a diagram which shows an example of an active matrix type organic EL display device using the organic 
EL element according to the present invention. 

Fig. 9 is a sectional view which shows an example of a manufacturing method of the active matrix type organic EL 
50 display device. 

Fig. 10 is a perspective view which shows an example of a configuration of a head for an ink-jet method which is 
used in the manufacturing method of the organic EL element according to the present invention. 

Fig. 11 is a sectional view of the nozzle part of the head for an ink-jet method which is used in the manufacturing 
method of the organic EL element according to the present invention. 
55 Fig. 12 is a diagram which shows another embodiment of an organic EL display device according to the present 
invention. 

Fig. 13 is a schematic perspective view of an organic EL display device according to the present invention. 
Fig. 14 is a diagram which shows an example of the waveform of the driving voltage applied to the electrodes. 
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Rg. 15 is a partial sectional view which shows another enibocliment of an organic EL element according to the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

5 

In the following, the manufacturing method of the organic EL element and the organic EL element according to the 
present invention will be described in detail based on the preferred embodiments shown in the accompanying drawings. 

Fig. 1 shows a first embodiment of the manufacturing method of the organic EL element according to the present 
invention. This figure shows the manufacturing method of a full color organic EL element with three colors. As shown in 

10 the figure, this invention is directed to a method of manufacturing an organic EL element which comprises a step of 
forming pixel electrodes 101, 102 and 103 on a transparent substrate (transparent support) 104, a step of patterning 
luminescent layers 106 and 107 which are made of organic compourels on the respective pixel electrodes, and a step 
of forming a cathode 113, wherein the method is characterized in that the formation of the luminescent layers is carried 
out by means of an ink-jet method. 

15 The transparent substrate 1 04 functions not only as a support but also as a surface through which light is taken out. 
Accordingly, the material for the transparent substrate 104 is selected by taking the light-permeability, thermal stability 
and the like into consideration. As for examples of the material to be used for the transparent substrate, glass, transpar- 
ent plastic or the like can be mentioned, and among these materials, a substrate made of glass is particularly preferable 
in view of its excellent heat resistance. 

20 In more details, the first, pixel electrodes 101, 102 and 103 are formed on the transparent substrate 104. As for 
examples of methods of forming these pixel electrodes, photolithography, vacuum deposition method, sputtering 
method and pyrosol method can be mentioned. Among these methods, the photolithography is particularly preferable. 
As for these pixel electrodes, it is preferred that they are formed into transparent pixel electrodes. As for the materials 
constituting the transparent pixel electrodes, a tin oxide film, an ITO (indium tin oxide) film and a composite oxide film 

25 of indium oxide and zinc oxide can be mentioned. 

Next, partitioning walls (banks) 105 are formed to fill the spaces between the pixel electrodes. 
In this way, it is possible to improve the contrast, to prevent mixing of colors of the luminescent materials, and to 
prevent light from leaking between the pixels. 

As for the materials constituting the banks 105, no particular limitation is imposed, if they have a resistance to the 

30 solvent for the EL material. For example, organic material such as acrylic resin, epoxy resin, photosensitive polyimide 
and the like; and inorganic material such as liquid glass and the like can be mentioned. In this regard, it is to be noted 
that the banks 1 05 may be formed into a black resist which is formed by mixing carbon black and the like into the above- 
mentioned material. 

As for examples of the forming method for the banks 105, photolithography and the like can be mentioned. 
35 Further, organic luminescent layers are formed respectively on the pixel electrodes according to a predetermined 
pattern. In this case, it is preferable to provide organic luminescent layers with three color types. In this connection, it is 
preferred that at least one layer among these organic luminescent layers is formed by an ink-jet method. 

In the embodiment shown in Fig. 1 , a red luminescent layer 106 and a green luminescent layer 107 are formed on 
the pixel electrodes 101 and 102. respectively, by the ink-jet method. 
40 In the above descriptions, the term "ink-jet method" is used to mean a method of forming a pixel of one of the three 
primary colors including red, green and blue or a pixel of at least one color which is intermediate between the primary 
colors by dissolving or dispersing a luminescent material in a solvent to obtain a discharge liquid and then discharging 
the discharge liquid from a head 1 10 of an ink-jet device 109. 

According to such an ink-jet method, it is possible to carry out fine patterning in a simple manner and in a short 
45 time. Further, it is also possible to control easily and freely the luminescent characteristics such as color balance and 
brightness (luminance) by adjusting the thickness of the layer through adjustment of the discharge amount of the ink or 
by adjusting the ink concentration. 

When the organic luminescent materials are conjugated polymer precursors described later, the luminescent layers 
are formed by discharging the luminescent materials by the ink-jet method to carry out patterning, and then conjugating 
50 (to form a film) the precursor components by heating or in-adiation with light or the like. 

Next, as shown in Rg. 1 , a blue luminescent layer 108 is formed on the red luminescent layer 106, the green lumi- 
nescent layer 107 and the pixel electrode 103. In this way, it is possible not only to form layers having the three prinnary 
colors including red, green and blue, but also to bury the level differences between the banks 105 and each of the red 
luminescent layer 106 and the green luminescent layer 107 so as to be flattened. 
55 No particular limitation is imposed upon the forming method for the blue luminescent layer 108. and it is possible to 
form the layer using the general film forming method known as deposition method or wet method, for instance, or using 
the ink-jet method. 

Further, the blue luminescent layer 108 can be formed of an electron injection and transfer material such as alumi- 
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a discharge liquid used for the ink-jet system can be adjusted easily, so that the patterning is carried out precisely and 
the luminescence characteristics and the film properties of the luminescent layer can be controlled easily. 

It is preferred that the polymer organic compound forming the luminescent layers is a hole injection and transfer 
material In this way, it is possible to promote the injection and transfer of the carriers and thereby to improve the lumi- 
5 nous efficiency 

As for examples of an organic compound which can form the luminescent layers, polyalkylthiophene such as PPV 
(poly{paraphenylene vinylene)) or its derivative, PTV (poly(2,5-thienylene vinyiene)) and the like; polyallylene vinylene 
such as PFV (poly(2,5-furylene vinylene)) polyparaphenylene. polyalkylfluorene and the like; pyrazoline dimer; quino- 
lizine cartDoxylic acid; benzopyrylium perchlorate; benzopyranoquinolizine; rubrene; phenanthroline europium complex 
10 and the like can be mentioned. In this case, just one of them or a mixture of two or more of them can be selectively used. 
Among these organic compounds, PPV which is a conjugated organic polymer compound or its derivative is pref- 
erable. The precursor prior to conjugation (to form a film) of PPV or its derivative is soluble to water or organic solvent, 
so that they are suitable for pattern formation by the ink-jet method. Further, it is possible to obtain a thin layer which 
has high optical quality and excellent durability, since it is a polymer. Furthermore. PPV or its derivative possesses a 
15 strong fluorescence, and since it is a conductive polymer in which ji-electron of double bond is delocalized on the pol- 
ymer chain, a thin film of PPV also functions as a hole injection and transfer layer, which makes it possik>le to obtain an 
organic EL element having high performance. 

Furthermore, the composition for an organic EL element in a case where a polymer organic compound is used for 
the material for the luminescent layers may include at least one kind of fluorescent dye in it. By including such fluores- 
ce cent dye way. it becomes possible to change the luminous property of the luminescent layer. Therefore, the addition of 
the fluorescent dye is effective as a means, for example, for improving the luminous efficiency of the luminescent layer 
or for changing the maximum wavelength of light absorption (emitted color) of the luminescent layers. 

Namely, a fluorescent dye can be utilized not only as a material for the luminescent layers but also as a material for 
the coloring matter which has the luminescence function itself. For example, almost all of tiie energy of the excitons 
25 which are generated by the recombination of carriers on the molecules of a conjugated organic polymer compound 
such as PPV can be transferred onto the molecules of the fluorescent dye. In this case, the current quantum efficiency 
of the EL element is also increased, because the luminescence arises only from the molecules of the fluorescent dye 
which have a high fluorescence quantum efficiency. Accordingly, by the addition of a fluorescent dye into the composi- 
tion for the organic EL element, the luminescence spectrum of the luminescent layer becomes at the same time the 
30 spectrum of the fluorescent dye, whereby this method becomes also an effective means for changing the emitted color. 
In this connection, it should be noted that what is meant here by the current quantum efficiency is a scale for con- 
sidering the luminescence performance according to the luminescence function, and it is defined by the following 
expression. 

35 £ = energy of emitted photon / input electrical energy. 

The changes In the maximum wavelength of light absorption induced by the doping of a fluorescent dye make it 
possible , for example, to emit the three primary colors o1 red, green and blue, thereby enabling to obtain a full color 
display device. 

40 Further, the doping of the fluorescent dye makes it possible to improve extremely the luminous efficiency of the EL 
element. 

As for a fluorescent dye used for the red luminescent layer, laser dye DCM, rhodamine or a rhodamine derivative, 
perylene and the like can be used. These fluorescent dyes are soluble to solvents because they are low molecules, and 
have a high compatibility with PPV or the like, so that a luminescent layer with a good uniformity and good stability can 
45 be formed easily. As for examples of the rhodamine derivative fluorescent dyes, rhodamine B, rhodamine B base, rhod- 
amine 6G, rhodamine 101 perchlorate can be mentioned. In this case, a mixture of two or more of them can be selec- 
tively used. 

Further as for a fluorescent dye used in the green luminescent layer, quinacridone, rubrene, DCJT and their deriv- 
atives can be mentioned. Since these fluorescent dyes are low molecules in the same manner as the fluorescent dyes 
50 to be used in the above-mentioned red luminescent layer, they are soluble to solvents and have a high compatibility witii 
PPV or the like, so tiiat the luminescent layer can be formed easily. 

As for the fluorescent dye used in the blue luminescent layer, distyrylbiphenyl and its derivative can be mentioned. 
These fluorescent dyes are soluble to aqueous solutions in the same manner as the above-mentioned fluorescent dyes 
for the red luminescent layer, and have high compatibility with PPV a the like, so that tiie luminescent layer can be 
55 formed easily. 

In addition, as fa other fluorescent dyes that can be used in the blue luminescent layer, coumarin; and coumarin 
derivatives such as coumarin-1. coumarin-6, coumarin-7, coumarin 120, coumarin 138, coumarin 152. coumarin 153, 
counrerin 311. coumarin 314. coumarin 334, coumarin 337. coumarin 343 and the like can be mentioned. 
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.ayer'Srnd?^: 2^^1nTrs^;^?::;^e7^^^^^^ ^ '-'"-ent 

layer 210 and the cathode 21 l an^Se rrTri^i^a m^^^^ The materials constituting the blue luminescent 

^^^..3showsathirdemb.imentofrr=:^^^^^^^^^ 

in this third embodiment, after the formation of pbcel electrodes 301 . 302 and 303 and banks 305 on a transparent 
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substrate 304. a red luminescent layer 306 and a green luminescent layer 307 are formed In the same manner as the 

nTJ holeinjection and transfer layer 308 Is formed on the entire surface of the '^^-"^j;^^lXs^^ H 
areen luminescent layer 307 and the pixel electrode 303. By laminating the hole mjection and fansfe"- layer 308 with tt^e 
EnJrentT^Ss S^^^^^^ 307 in this wa, it is possil^le to promote the iniection and the transfer of the holes from the 
electrodes to improve the luminescence efficiency, as described in the above. 

fSI. by L same reason as in the above, it is preferable that the hole injection and transfer layer 308 is formed 

ril'urarSS'n is imposed upon the forming method for the hole injection and transfer layer 308. and for 
exari^^^e'lnM^meC^^^ method, dipping method, spin coating '"^thod^casting method c«p.He^ 

rSl cS r^hod. bar coating method and the like can be mentioned. In this embod.rnent. rt is to be noted 
t^ftShol iSn a^^^^ layer can be formed using the vacuum deposition metiiod. In this connexion as for 
th? m'er!?cS^^^ the hole injion and transfer layer 308. the same materials as those menfioned in the second 

'"'TJreTb'ormrn^^^^^ luminescent layer 309 and a cathode 311 on the hole injecfion and Uansfer layer m 
the rrg^n^c EL Imer? according to the present invention can be obtoined. The constituent materia, and the forming 
rviothfvH Of thP cathode 31 1 are the same as those of the above-mentioned embodiments. 
F^tho^aSur^ie^imem 

"^^S *is fourth embodiment after the formation of pixel electrodes 801 . 802 and 803 and banks 805 on a transparent 
subirat^4?t^2^^e S as the first embodiment, luminescent layers 806. 807 and 808 are patterned on thej^el 
eleiSes 80 802 and 803 respecf.ely. by the ink-jet method. In this way. the amount of the t° ^^^.s- 

cSS tor the reipi^ive luminescent layers, the number of times of the discharge and the formation Pattem of the 
2etem lay^r^ example, can be adjusted ea^ly and handily, so that the luminescent characteristics and film 
thickness and the like of the respective luminescent layers can be ^"*-°"f^,«^^;^^ . .^^ .„ 807 and 808 The 
In addition an electron injection and transfer layer 81 1 is formed on the luminescent layere 806. 807 ana wjb_ i ne 
elecTonlnSonan'dtransfer'layerSllfacilitatestheinjectionof*^ 

prevention of electrode extinction by keeping the luminescent portions away from the cathode to ^taW^h a better con 
tertwVtti the cathode. As for the electron injection and transfer layer 81 1. aluminum ^'^^^^J^fJ^^ 
dopi^^ is not carried out can be used. This electron injection and transfer layer 81 1 can be formed by means of a vac- 

J Si'nn^'S.^lhe forming method for the electron injection and transfer layer 81 1 is not .imrted to this mettiod, 
and lor eJampKe ink-jet methcii. vacuum deposition method, dipping method, spin coating method, casting method, 
caoillarv method, roll coating method, bar coating method or the like can be used ^ ^tv.^^ ai-^ nn 

Furtherthe oraanic EL element accoiding to the present invention can be obtained by forming a cathode 813 on 
top d r-^e c^-Srent ma^ial and the formation method of the cathode 813 are the same as those of the above- 

"'1S?sh'^?lXembodlment of the manufacturing method of the organic EL element according to the present 

40 *"'Tmis fifth embodiment, pixel electrodes 801 . 802 and 803 are first formed on a fransparert ^ub^tfate 804 in 
same manner as the first emtxxliment. Then, a hole injection and transfer layer 81 5 which is for ^xamp^n^de ^ PVK 
fsformTon the entire surfaces of the pixel electrodes by means of. for example, a spin coating '"ethod;Acc°rdingly 
Since *1 Sole injSon and transfer layer 81 5 in this embodiment can be formal by means of coating without need of 
oatternina it is Dossible to inaease manufacturing efficiency. qh = ^„ri t^r 

.5 NO irtlcular limitation is imposed upon the forming method for the hole injection -^tr^^^er >a^^^^^ 

example ink-jet method, vacuum deposition method, dipping method, spin coating method, casting method, capillary 
method roll coatinQ method, bar coating method and the like can be used. 

F^mer,Si the Sme reason deserved above with reference to the other embodiments, it .s preferred that the 
hold iniection and transfer layer 81 5 is formed into a non-luminescent layer. ^^^^rA 

so ° iX" th^ Me injecti'on and transfer layer 81 5. luminescent layers 806 807 and -e form^-^n th^ r^ard. 
it is preferred that among these luminescent layers, at least one luminescent layer for a certain cotor is formed by pat 
terina usina the ink-iet method carried by the ink-jet device 809. 

TeTby farming a cathode 813 on top of the luminescent layers, an organic EL element ^^^^^^^J^^^^^^^l 
invention c^n be obfained. The structural material tor the cathode 813 and the manufacturing method thereof are the 

ss same as those of the other embodiment described above. . ,u- j ^ .ri«r, methnH the coatina 

According to this fifth embodiment, no bank is formed. However, by using this manufactunng method, t^^e coahng 
of thSScen layers for the primary colors R. G and B can be carried out correctly and P^«='°"^5^«^"fJ^^ ''^^ 
Sir^ement of manufacturing efficiency. In this regard, it is to be noted that the manufactunng method of this embod- 
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imem can be also applied to the case where banks are provided to form re^ective pixels like the previous embodi- 
desJTbl^rl^^'h'r're'^^^^^^^^ manufactured according to the manufacturing methods 

pres^'t i.l^en.r'^" ^'^ embociiment of an organic EL element acco,xiing to the 
t^.efl^°;S?mf6l^^^^^^^^^^ 

10 transparent conducti,^e layer /toIS 67 a^^^^^^ T' ? '"'"'"^^^^ '^ver 65. a metal layer 66 and a 
materials and the manuSj m^ods^^^^L^^^^^^^^^ 

v.icrirm=m~=r^^^^^^ 

therethrough On th^i hSd s^nce ^e m2i^ f *° '^'^ ^'"'"^ "9^ luminescent layer 65 

the transparent conduSie^lmTTO'Z 67 ♦^"'^ 
that such a metal layer 66 can be madSom^ b^ltlr^Jl 1^'^ T "^w'" to be noted 

deposition method, sputtering met^S orThe 1 ^"'^ ' ''^^ '"^'^^^ "^'"9 ^"""^ 

which^a^sTej;;^ t"mte1.~irt;:?sm^^^^^^ 'OT^ '^^^ ^ ^ — * 

srair-srrri^^ 

^.^^ Rg. 7 ,s an illustration which shows an embodiment of an organic EL display de^ce according to the present inven- 

transparent pixel electrode 5M arthe^ike Thin ^^'"^^ " ^""^ *° "'"^titute the ITO 

layer 502 and a green lumlnescSa^er 503 arffn^-^^ '^"u"* e-^odf^ent. a red luminescent 

layer 505 is lorm'ed by mrs'tJ^r^utm 7i^^^:^''lV^TTL^rL^^^ '""'"^^"^ 
va.um deposi«on me^od. «.ereby construc^Jg the orgarEL'S^sarat^^^rSSi^^e^^^^^^^ 

Of a pe?pS sSf " "^'^'^ " '"""^ '^^"^--^ -'^^•^^^^ 501 in a fixed manner by means 

pixel ammaemem con^ised ol a plL^ZTr^c^oS ^S,tf ' °^ ° 

formod irto an, one « R. G and B Lin2«« SiS^ »e anranjed ,n a maW, torn and which a, ■ 
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is provided, and a luminescent layer 605. 606 which is formed of the organic EL elemer^ ^"'^fO""^^*^ *® 'f. 
laminated on the TFT. In this case, at least one luminescent layer for any one of cotors R. G, B .s formed by means of 
the ink-jet method. . 

Fig. 9 is a sectional view which shows one example of the manufacturing method of the active matrix type organic 

EL disDiav device according to the present invention. . 

on a transparent substrate 904, predetermined thin film transistors 915 as well as gate Im^ and signallmes 
(not sJtn) and th^like are formed. Next, on respective pixel electrodes (ITO) 901 ^'^^ :^Z^,^^.lT9t 
provided wi^h prescribed functional elements such as the thin film transistors 91 5. hole .njecton and transfer layers 91 1 
a e formed so as to cover the respective pixel electrodes. As for the hole injection and transfer type "^t^"^; sam^ 
materials that are discussed in this specification with reference to the previous embodiments can be used. Further the 
Of forming the hole injection Wid transfer layer 91 1 is not limited to a specific method, and .t .s possible to form 
the layer by means of any method described above. ^ mthofrir 

Further, respective luminescent layers 906 (red), 907 (green) and 908 (blue) are formed by patterning. In the for- 
mation of these luminescent layers, at least one layer for one color is formed by the ink-jet method using an ink-jet 

"^'mv a reflection electrode 913 is formed, thereby completing the organic EL display de>^ce according to the 
present im;ention. As for the reflection electrode 913, Mg - Ag electrode having a thickness of about 0.1 to 0.2 j.m or 

'ilV:;:Ll-m*'JnSo?^°emb^^ concerning the active matrix type organic EL display device acco|ding to the 
present invention, a thin film transistor is used as a switching element, but the present invenhon is not limited thereto, 
aher switching elements and two-terminal element such as MIM can be used. Further, the display device may be con- 
figured into a passive drive type or a static drive type (static image, segment display). ^™t.hinn»l» 

FurthermoTe, the number of the switehing element is not limited to one per one pixel. A pluralrty of switoh.ng ele- 
ments may be provided per one pixel. , , „ 

Fig 12 sf«ws an embodiment of an organic EL display device in which a plurality of switching elements are pro- 
vided per one pixel. In this embodiment, a switching type thin film transistor 142 carries out ^'^^^JfJ:^;"^^^^ 
potential at a signal electrode 132 to a current thin film transistor 143 in response to the potential at a scann ng elec- 
trode 1 31 , and the current thin film transistor 1 43 carries out a role that controls electrical connection between the com- 
mon electrode 1 33 and the pixel electrode 141. . x *. « 

Next referring to the drawings, a description is made with regard to an embodiment of a passive matrix type (simple 
matrix type) organic EL display device using the organic EL element according to the present invention. 

FigTs is a perspective Jew which roughly shows a structure of the organic EL display device according to the 

'''^As sh^^'°n"the drawings, in the organic ELdisplay device of this embodiment a scanning ele<*ode 53 arid a sig- 
nal electrode 54 which are formed into an elongated strip, respectively, are arranged outsidethe organic EL element 52 
so that scanning lines extending from the scanning electrode 53 and the signal lines extending from the signal electrode 
54 are orthogonal to each other through the organic EL element. n-; m a 

Such a passive matrix type display device is driven by selecting scanning lines of the scanning electrode 53 in a 
pulsed manner in a sequential order while a voltage is applied to signal lines of the signal electrode 54 corresponding 
to pixels to be displayed on the scanning line. Such selection of the lines is carried out by a controller 55. 

in this «)nnSon. it should be noted that in a case of the passive drive type display device, it 's necessary that a 
cathode is patterned so as to be separate forms to correspond to each of lines. For example, when a h.n «tti°de jib- 
ing a thickness of about 0.2 nm is formed according to the third embodiment, such separate forms of the cathode can 
be automatically obtained since the cathode is separated by the banks. „«.ih~i or a la-^pr cuttina 

Such a cathode is formed by the patter formation performed by a masking depositon method or a laser cutting 

""^ Ffo' 14 is a' rtSram which shows one example of wave forms of driving voltages applied to the scanning electrode 
1 3 and Signal electrode 14. respectively. The wave forms shown in the drawing are determined so as to be abteto wly 
a voltage Vs which is sufficient to luminescence to selected pixels. Further, the brightness of a pixel to be displayed is 
controlled through the width of the pulse from the signal electrode 14 that has been determined so as to meet wrth a 
gray scale of the brightness to be displayed. On the other hand, a voltage Vn which is lower than a luminescent thresh- 
old voltage is applied to respective non-selected pixels. .... ^ * ^ 
m Fia 14 Tf shows a scanning timing. In this case, the scanning signal is driven by a pulse having a duty ration of 
1/100. In this connection, it has been conf irmed that the luminescence of the blue luminescent layer of the organic 
> EL display device comprised of the organic EL elements of the fourth embodiment was a brightness of 100 cd/m2 at a 
driving voltage of 20V. 
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EXAMPLES 

( Manufacturing of Organic EL Elements) 
5 (Example 1) 

As shown in Fig. 1 . on the glass substrate 1 04, (TO transparent pixel electrodes 1 01 , 1 02 and 1 03 were formed by 
means of photolithography so as to form a pattern having a pitch of lOOfim and a thickness of 0. 1fim. 

Then, the spaces between the ITO transparent pixel electrodes were buried, and then banks 105 which act not only 
10 as a light cut-off layer but also an ink drop preventing wall were formed by photolithography. In this case, the banks 105 
were designed so as to have a width of SO^m and a thickness of 2.0juim. 

Further, after the pattern formation with red and green luminescent materials shown in Table 1 and Table 2 which 
were jetted from the head 1 10 of the ink-jet device 109, they were undergone heat treatment under a nitrogen atmos- 
phere for hours to polymerize the precursors in the compositions of the materials, thereby forming luminescent layers 
15 1 06 (red) and 1 07 (green). 

Then, by carrying out a vacuum deposition of aluminum quinolynol complex to which perylene condensed aromatic 
was added as a dopant, a blue luminescent layer 108 of the electron injection and transfer type having a thickness of 
0.1 iirr\ was formed. 

At the last, a Mg - Ag electrode 1 13 having a thickness of 0.8 fim was formed as a cathode using a vacuum depo- 
20 sition method to obtain an organic EL element. 

(Example 2) 

In the same manner as Example 1. ITO transparent pixel electrodes 201. 202, 203 were formed on a glass sub- 
25 strate 204 as shown in Fig. 2. Thereafter, the spaces between the ITO transparent pixel electrodes were buried and 
then resists (partitioning walls) 205 made of a light-sensitive polyimide and functioning not only as a light cut off layer 
but also an ink drop preventing wall were formed. 

Then, after coating and pattern formation of read and green luminescent materials shown in Table 1 and Table 2. 
respectively, by using an ink-jet device 209 in the same way as the Example 1. they were undergone heat treatment 
30 under a nitrogen atmosphere for four hours to polymerize the precursors in the compositions of the materials, thereby 
forming luminescent layers 206 (red) and 207 (green). 

Next, a hole injection and transfer layer made of polyvinyl carbazole (PVK) was patterned on the transparent pixel 
electrode 203 by means of the ink-jet device 209. Then, a blue luminescent layer 210 was formed by coating the pyra- 
zoline dimer on top of the hole injection and transfer layer. 
35 Finally, an Al - Li electrode 21 1 having tiie thickness of 0.8 ^im was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Example 3) 

40 First. ITO transparent pixel electrodes 801 . 802 and 803 and banks 805 were formed on a glass substrate 804 as 
shown in Fig. 4 in the same way as Example 1 . 

Next, an organic hole injection and transfer type material was mixed in the luminescent materials shown in Table 1 
and Table 2 to form luminescent layers 806 (red), 807 (green) and 808 (blue) by using an ink-jet device 809. 

Next, the vacuum deposition was carried out using the aluminum quinolynol complex to which the doping was not 
45 carried out to form an electron injection and transfer layer 61 1 having the thickness of 0. 1 ^m. 

Finally, an Al - Li electrode 813 having the thickness of 0.2 ^lm was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Example 4) 

50 

In the same way as Example 1 , ITO transparent pixel electrodes 301 . 302 and 303 and banks 305 were formed on 
a glass substrate 304 as shown in Rg. 3. 

Next, after coating and pattern formation with red and green luminescent materials shown in Table 1 and Table 2, 
respectively, by using an ink-jet device 31 0 in the same way as Example 1 . they were undergone heat treatment under 
55 a nitrogen atmosphere for four hours to polymerise the precursors in the compositions of tiie materials, thereby forming 
luminescent layers 306 (red) and 307 (green). 

Next, a hole injection and transfer layer 308 made of polyvinyl carbazole (PVK) was formed on the entire surfaces 
of the luminescent layers 306. 307 and the transparent electrode 303 by means of the coating method. 
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Then, a blue luminescent layer 309 made of a distyry! derivative was formed on the hole injection and transfer layer 
308 by means of the vacuum deposition method. 

Finally, an Al - Li electrode 311 having the thickness of 0.8 \im was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. In this case, as described above, the cathode 31 1 was 
5 automatically separated and then insulated by the formation of the banks 304, the cathode was brought into a condition 
that is was patterned so as to correspond to the respective pixels 301 , 302 and 303. 

(Example 5) 

10 First, in the same way as Example 1 , ITO transparent electrodes 801 , 802 and 803 and banks 805 were formed on 
a glass substrate 804 as shown in Fig. 4. 

Then, after coating and pattern formation with the red, green and blue luminescent materials by discharging poly- 
meric organic luminescent materials shown in Table land Table 2, respectively, using the ink-jet device 809, they were 
undergone heat treatment under a nitrogen atmosphere at 150 ''C for four hours to polymerize the precursors in the 
15 compositions of the materials, thereby forming luminescent layers 806 (red), 807 (green) and 808 (blue). 

Next, the vacuum deposition was carried with the aluminum quinolynol complex to which the doping was not carried 
out to form the electron transfer layer 81 1 having the thickness of 0.1 jim. 

Finally, an Al - Li electrode 812 having the thickness of 0.8 fim was formed as the cathode by the vacuum deposi- 
tion, so that the organic EL element was manufactured. 

20 

{ Evaluation of the Luminescence Characteristics and the Film Characteristics of the Luminescent Layers) 

The luminescence characteristics and the film characteristics of the luminescent layers of the organic EL elements 
which were manufactured in Examples 1 to 5 described above were evaluated according to the following methods. 



25 



30 



1 . Luminescence Starting Voltage 

A prescribed voltage was applied to the element, and the applied voltage at which a luminance of 1 cd/m^ is 
observed was defined as the luminescence starting voltage [Vth]. 

2. Luminescence Life 



The initial luminance after applying a stabilization treatment was set to 100%. and the changes in the luminance of 
the EL element were measured when subjecting it to continuous luminescence through supply of a constant current of 
35 standard waveform, wherein the luminescence life is defined as the time until the luminance drops to 50% of the initial 
luminance. 

In this case, the drive conditions for this experiment were set at 40°C for room temperature, 23% for humidity and 
20 mA/cm^ for current density. 

40 3. Luminance (Brightness) 

The luminance was measured, in which the current was set to 20 mA/cm^. 

4. Wavelength at Maximum Absorption 

45 

The wavelength at maximum absorption for each luminescent layer was measured. 

5. Stability in Film Formation 

50 After heating the luminescent layer at 20°C for 60 minutes, conditions for occurrence of defects such as cracks and 
deformation in the respective luminescent layers were observed by a microscope. 
The results of the evaluation were classified according to the following marks. 

@ • • • Extremely favorable 
55 O • • • Favorable 
X • • • Unsatisfactory 

The results of the evaluation are shown in Table 3 and Table 4. 
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As indicated in Table 3 and Table 4, the luminescent layers in Examples 1 to 5 have excellent luminescence char- 
acteristics and excellent film characteristics. In particular, when the luminescent layers were formed of polymer organic 
compounds, no defects were observed in the luminescent layers, and extremely favorable thin films were obtained. 

In the above, the compositions for the organic EL elements and the manufacturing methods for the organic EL ele- 
5 ments according to the present invention have been described according to the embodiments that are illustrated. How- 
ever, the present invention is not limited to these embodiments, and for example, there may be inserted in the 
manufacturing processes for providing any intermediate functional layers between the respective layers. Further, the 
fluorescent dyes which are added for changing the luminescence characteristics are not limited to those described 
above. 

10 Further, a layer made of, for example. 1 ,2,4-triazole derivative (TAZ) may be provided as a buffer layer between the 
respective layers, thereby enabling to more improve the luminance, luminescence life and the like. 

Furthermore, the manufacturing method for the organic EL elements according to the present invention may 
include a further process in which surface treatment such as plasma, UV treatment, coupling or the like are applied to 
the surface of the resin resists, the pixel electrodes and the underlying layers in order to facilitate the sticking of the EL 

15 materials. Moreover, it is possible to apply the manufacturing method for the organic EL element of the present inven- 
tion to the manufacturing method for the inorganic EL element. 

The organic EL display device according to the present invention may be applied to the low information field, such 
as segment display and still image display of whole surface simultaneous luminescence, for example, display of pic- 
tures, characters, labels, or may be utilized as a light source having point, line, or surface shape. 

20 

INDUSTRIAL UTILIZATION 

As described in the above, according to the manufacturing method of the organic EL element of the present inven- 
tion, it is possible to explore rational design of the EL luminescent elements through a wide ranging selection of the 
25 luminescent materials. For example, through arbitrary combinations of the luminescent materials and fluorescent dyes, 
it is possible to obtain wide variety of display lights. 

Further, by using the organic luminescent materials, it is possible to obtain the diversified designs of the EL element 
having high luminance and long life. 

Furthermore, by carrying out the pattern forming and arrangement of the luminescent layer for at least one color, 
30 the hole injection and transfer layer and the electron injection and transfer layer by means of the ink-jet method, it is pos- 
sible to set arbitrarily and precisely the size and the pattern of the luminescent elements. 

When a precursor, which can be conjugated (form a film) by thermosetting is used as a luminescent material, the 
latitude in the setting of conditions such as viscosity can be expanded, and the adjustment of the conditions suitable as 
a discharge liquid for the ink-jet method can be facilitated. 
35 Further, according to the manufacturing method for the organic EL element of the present invention, conditions 
such as the film thickness, the number of dots and the like can be adjusted arbitrarily, so that it is possible to control 
readily the luminescence characteristics of the luminescent layers. 

Furthermore, according to the ink-jet method, it is possible to move freely the head on the transparent substrate, 
thereby enabling to form an element with an arbitrary size without restricting the dimensions of the substrate. Moreover, 
40 Since required amounts of materials can be arranged at required locations, it is possit^e to maximally exclude tiie use- 
lessness of waste liquid or the like. In this way. manufacturing of a full color display device with large screen size 
becomes possible at a low cost. 
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Table 2 



Physical Properties of Com- 
position for EL Element 


Videos Itv Tcnl 


Surfacp Tpn^ion 
[dyne/cm] 




Example 1 


Red 


3.77 


32-9 


54.4 


Green 


3.72 


32.8 


59.0 


Blue 


- 


- 


- 


Example 2 


Red 


3.70 


32.6 


55.6 


Green 


7.73 


33.1 


59.8 


Blue 


3.88 


33.3 


60.0 


Example 3 


Red 


4.85 


27.8 


47.8 


Green 


5.31 


25.6 


45.6 


Blue 


4.52 


28.2 


40.3 


Example 4 


Red 


3.78 


33.5 


60.1 


Green 


3.75 


32.1 


59.7 


Blue 








Example 5 


Red 


3.80 


33.1 


55.0 


Green 


3.75 


32.9 


59.1 


Blue 


3.91 


33.2 


60.2 
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Table 3 





Luminescence Start- 
ing Voltage [Vtn] 


Luminescence Life [hr] 


Luminance [cd/m^] 


Wavelength at Maximum 
Absorption [nm] 




R 


G 


B 


R 


G 


B 


R 


G 


B 


R 


G 


B 


Example 1 


2.0 


2.2 


3.1 


8000 


8000 


8000 


210 


230 


200 


600 


500 


400 


Example 2 


1.7 


1.8 


3.2 


10000 


10000 


9000 


230 


230 


180 


600 


500 


410 


Example 3 


4.0 


3.5 


3.8 


4000 


5000 


4000 


150 


180 


100 
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1. A method of manufacturing an organic EL element, comprising the steps of: 
forming pixel electrodes on a transparent substrate; 

forming on said pixel electrodes by patterning at least one luminescent layer having a certain color and made 
of an organic compound; and 

forming a counter electrode opposing the pixel electrodes, wherein the formation of the luminescent layer is 
performed by means of an ink-jet method. 

2. The method of manufacturing an organic EL element as claimed in claim 1 , wherein the organic compound is a pol- 
ymer organic compound. 

3. The method of manufacturing an organic EL element as claimed in claim 2, wherein the polymer organic compound 
75 is a hole injection and transfer type material. 

4. The method of manufacturing an organic EL element as claimed in claim 2 or 3, wherein the polymer organic com- 
pound is a polyparaphenylene vinylene or its derivative or a copolymer which contains at least either one of these 
compounds. 

20 

5. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 4, wherein said at least 
one luminescent layer comprises three luminescent layers having different three colors, and at least two lumines- 
cent layers in the three luminescent layers are formed by patterning by means of an ink-jet method. 

25 6. The method of manufacturing an organic EL element as claimed in claim 5, wherein said three colors include red, 
green and blue, and the red luminescent layer and the green luminescent layer are formed by patterning by means 
of an ink-jet method. 

7. The method of manufacturing an organic EL element as claimed in claim 6, wherein the blue luminescent layer is 
30 formed by a vacuum deposition method. 

8. The method of manufacturing an organic EL element as claimed in claim 7, wherein the blue luminescent layer is 
made of an electron injection and transfer type material. 

35 9. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 8 , wherein said at least 
one luminescent layer is laminated with a hole injection and transfer layer. 

10. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 9. further comprising the 
step of forming a protective film on the counter electrode. 

40 

11. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 10, further comprising 
the step of forming on said transparent substrate electrodes for driving the respective pixels. 

12. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 11 , wherein said pixel 
45 electrodes are transparent pixel electrodes. 

13. An organic EL element, comprising: 

a transparent substrate; 
so pixel electrodes provided on the transparent substrate; 

at least one luminescent layer having a certain color and made of an organic compound, said luminescent layer 
being patterned on the pixel electrodes by an ink-jet system; and 
a counter electrode formed on the luminescent layer. 

55 14. The organic EL element, as claimed in claim 1 3, wherein the organic compound is a polymer organic compound. 

15. The organic EL element as claimed in claim 14, wherein the polymer organic compound is a hole injection and 
transfer type material. 
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16. The organic EL element as claimed in claim 14 or 15, wherein the polymer organic conpound is a polyparaphe- 
nylene vinylene or its derivative or a copolymer which contains at least either one of these compounds. 

17. The organic EL element as claimed in any one of claims 13 to 16, wherein said at least one luminescent layer com- 
5 prises three luminescent layers having different three colors, and at least two luminescent layers in the three lunni- 

nescent layers are formed by patterning by means of an ink-jet method. 

18. The organic EL element as claimed in claim 1 7, wherein said three colors include red. green and blue, and the red 
luminescent layer and the green luminescent layer are patterned by means of an ink-jet method. 

10 

19. The organic EL element as claimed in any one of claims 13 to 18, wherein the blue luminescent layer is formed by 
a vacuum deposition method. 

20. The organic EL element as claimed in claim 19, wherein the blue luminescent layer is made of an electron injection 
15 and transfer type material. 

21. The organic EL element as claimed in any one of claims 13 to 20. wherein said at least one luminescent layer is 
laminated with an electron injection and transfer type material. 

20 22. The organic EL element as claimed in any one of claims 13 to 31. further comprising a protective film formed on 
the counter electrode. 

23. The organic EL element as claimed in any one of claims 13 to 22, wherein said pixel electrodes are transparent 
pixel electrodes. 

25 

24. An organic EL display device comprising the organic EL element as claimed in any one of claims 13 to 23. 
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